In spite of such a marked difference of pathological changes between the wild virus and the vaccine or laboratory strains, no definite correlation of the pathological changes with the virulence of measles virus could be elucidated since the several laboratory strains which were supposed to be unattenuated behaved apparently in a similar way as the attenuated vaccines .
INTRODUCTION
In spite of the recent development of various types of live attenuated measles vaccine, the level of attenuation is estimated only by the clinical responses such as fever and rash in the vaccinated children since neither in vitro nor in vivo virulence marker is available as yet.
Measles virus is known to induce formation of the characteristic giant cells of the Warthin-Finkeldey type in the lymphoid tissues of patients (Finkeldey , 1931; Warthin, 1931) . Similar types of giant cells have been observed in lymphoid tissues of monkeys inoculated with the materials derived from measles patients (cordon and Knighton, 1941; Nii and Kamahora, inoculation with attenuated measles virus have been indicated by Sergiev et al. (1966) .
To find a possible relationship between the pathological changes in lymphoid tissues of monkeys and the virulence of measles virus, we have attempted to inoculate monkeys with various strains of measles virus. During the preliminary study on the histopathological response of monkeys free of measles antibody to the inoculation with the attenuated vaccines, we have frequently been encountered by inconsistent appearances of giant cells in the lymphoid tissues of monkeys which eventually acquired measles antibody within 2 weeks after inoculation. Since the vaccine strains generally produce antibodies in monkeys about 2 weeks after inoculation (Yamanouchi et al., 1969 b) , these monkeys were considered to be naturally infected shortly before inoculation in spite of the absence of measles antibody at inoculation.
In the present study, giant cell formation in monkeys after natural infection with measles virus was confirmed first. Secondly, the lymphoid tissues of monkeys, which were kept free of natural infection during the entire experiment by a strict quarantine system, were examined for the histopathological changes after inoculation with various types of measles virus including fresh isolates from patients or infected monkeys, the attenuated vaccine strains, and other laboratory strains.
MATERIALS AND METHODS
Monkeys : Cynomolgus monkeys (Macaca irus) have been imported from southeastern Asia. Unless otherwise specified, they were kept in strict isolation to eliminate a natural infection by measles virus . A group of control monkeys was kept in the same room and their sera were examined serologically to confirm the absence of natural infection during a period of at least 4 weeks.
Wild measles virus : Pooled throat washings obtained from several measles patients within few days after the onset of rash served as wild virus. Monkeys inoculated with those throat washings were sacrificed on the 7th day, and a 20 % extract of the infected spleens and lymph nodes was also used as wild virus. All the virus materials were stored at -80 C.
Attenuated live measles vaccines : The Biken vaccine (Okuno et al., 1960) prepared with an attenuated Toyoshima strain in both primary monkey kidney (MK) cells (lot LM-1) and amnion of chick embryos (lot LM-2) were obtained from the Kannonji Institute of the Research Foundation for Microbial Diseases of Osaka University.
The Sugiyama vaccine (Matumoto et al., 1962) prepared with an attenuated Sugiyama strain in primary bovine kidney cells was obtained from the Chiba Serum Institute (lot 1, 2, 4) and the Takeda Chemical Industries, Ltd. Unattenuated laboratory strains of measles virus : The TYCSA strain (Kohno et al., 1968) , a cloned variant of the Toyoshima strain (Toyoshima et al., 1959) 
RESULTS

Incidence of Giant Cells by Natural Infection During Quarantine
To confirm the effect of natural infection on the incidence of giant cells, 2 groups of monkeys were kept in the routine quarantine where the chance of natural infection had been shown to be high in a previous serologic survey (Yamanouchi et al., 1969 b) . Sera were collected every week.
Lymph nodes at each region were biopsied every week for histopathological examination in the sequence of right and left axillary regions and right and left inguinal regions, on the day of arrival, the 7th, the 14th, and the 21st days, respectively.
On the 28th day, all monkeys were autopsied and various lymphoid tissues and other organs were examined histopathologically.
Results are summarized in Table 1 . All the 5 monkeys in Exp. 1 were considered to have been spontaneously infected during the quarantine as indicated by the development of HI antibodies between 14 to 21 days. Two of them showed the presence of giant cells in the lymph nodes taken 7 days before the rise of HI antibodies.
In Exp. 2, 8 of 10 monkeys were proved to be infected by the 
Incidence of Giant Cells by Wild Virus
Subcutaneous inoculations with the throat washings from the patients and the infected monkey tissue extracts were conducted into a total of 12 monkeys in 3 separate tests, and a total of 4 monkeys in duplicate tests, respectively.
As shown in Tables 2 and 3 , all the 16 monkeys showed typical giant cells at autopsy on the 7th day.
In most cases, the lesions were found in all the regions of the lymph nodes examined as well as in spleen.
Presence of giant cells in lung was also noticed in some of the monkeys.
Histopathologically, the giant cells found in the lymphoid tissues (lymph nodes, spleen, tonsil, and thymus), were of the Warthin-Finkeldey type with variations in size and number, except for a few nonspecific foreign body giant cells. Tissue sections which showed an extensive formation of giant cells generally contained several gigantic giant cells in every microscopic field (Fig. 1) , while some of the tissue sections exhibited the presence of numerous small giant cells gathering rather closely (Fig. 2) . Most of the giant cells were of the reticular and lymphoid types ( Fig. 3 and 4) . However, few giant cells appeared to be of the plasma-cellular type described by Lennert (1961) (Fig. 5 ). In the estimation of incidence of giant cells, these three types were considered as of the same value. In the bronchus, multinucleated giant cells composed of mucosal epithelial cells were also demonstrated (Fig. 6) . 
Incidence of Giant Cells by Vaccine Strains
Monkeys were inoculated subcutaneously with different live measles vaccines, and were autopsied 7 days later.
Results are summarized in Tables 2 and 4 . Two types of the Biken vaccine prepared in primary MK cells (lot LM-1) and chick embryos (lot LM-2) were inoculated each into a group of 10 monkeys. Giant cell formation was not observed in any of them.
Four lots of the Sugiyama vaccine were examined in a total of 31 monkeys.
None of them demonstrated the presence of giant cells at autopsy. were inoculated into 8 monkeys. Except 2 monkeys which had giant cells only in a limited area of the mesenteric lymph node, no giant cell was demonstrated. A total of 19 monkeys in 3 groups were inoculated with 2 lots of the Schwarz vaccine.
In the first group, 4 of 5 monkeys had giant cells although distribution of the lesions were significantly limited as compared with those induced by wild virus.
In the other two groups consisting of 14 monkeys, only one had giant cells localized in the axillary lymph node.
Since there was a possibility of slower growth of the vaccine strains than that of wild virus in monkeys, resulting in a delayed appearance of pathological lesions, another group of 3 monkeys were autopsied on the 11th day of inoculation with the Biken vaccine (lot LM-2).
Giant cell formation was not observed in any of them.
Histopathologically, the giant cells observed in the monkeys inoculated with the Leningrad-16 and the Schwarz vaccines were of the similar nature as those found in the case of wild virus ( Fig. 7 and 8) . However, giant cells were not detected in the lungs in any of the monkeys tested, in contrast to the monkeys inoculated with wild virus.
Incidence of Giant Cells by Unattenuated Laboratory Strains
Four strains of unattenuated measles viruses were examined in the similar way as the wild or the vaccine strains. As shown in Table  2 . the TYCSA strain having the highest virus titer did not induce giant cells in 2 monkeys. Both the Tanabe and the Edmonston strains are generally considered as virulent ones since they have been passed exclusively in primary tissue culture cells. One of the 5 monkeys given the Tanabe strain and 2 of the 20 monkeys given the Edmonston strain showed the presence of lesions in a limited distribution in some of the lymph nodes and spleen (Tables 2 and 4) . To test the possibility of delayed appearance of giant cells, another group of 3 monkeys were autopsied on the 11th day after inoculation with the Edmonston strain.
Giant cells were not detected in any of them.
The MINIA HSK-6916 strain which is considered as virulent from its short passage history in vitro, induced giant cells in 2 of 3 monkeys. The lesions observed in these 2 monkeys were limited only in few regions of the lymph nodes.
In general, the giant cells induced by these four strains appeared to be of similar pathological nature as those induced by the vaccine strains in terms of the grade and distribution of the lesions. Appearance of the Warthin-Finkeldey cells was observed mainly in tonsils.
In the monkeys inoculated with the attenuated strains, L-4 and Edmonston, clinical signs were of a significantly lower grade, and the WarthinFinkeldey cells were not detected.
However, the applicability of these different responses of monkeys as an in vivo marker for virulence of measles virus has not been clearly proved as yet.
The first part of the present experiments demonstrated giant cell formation in the lymph nodes in 40 to 70 % of monkeys which were naturally infected during the quarantine.
In most of these positive cases, giant cells were detected 1 week before the rise of HI antibodies.
Since the latent periods before the rise of HI antibodies were roughly estimated to be 2 weeks (Yamanouchi et al., 1969 b) , the giant cells are supposed to have been induced about 1 week after natural infection. Sergiev et al. (1960) indicated that the giant cells were frequently found from the 5th -6th through 9th -11th days after an experimental infection with wild virus, and Nii et al. (1964) also showed that the giant cell formations were most prominent with a wide distribution in the lymphoid tissues on the 8th to 12th days after inoculation of wild virus, and that such lesions were localized in a limited regions with a milder grade later than those days. Although some of the monkeys did not show giant cell formation in spite of the evidence of natural infection, 40 to 70 % of the giant cell incidence obtained under the present experimental conditions in which the biopsies were performed only with the superficial lymph node at one region of each monkey once a week , should be enough to elucidate that natural infection was responsible for the giant cell formation.
In our preliminary study, giant cells were occasionally detected in monkeys after inoculation of the Biken or Sugiyama vaccine. However , such giant cells may probably be induced by natural infection instead of the vaccines inoculated, since the evidence of natural infection in these monkeys has been shown by serologic tests.
The second part of the present study by the use of measles susceptible monkeys which were kept in strict isolation indicated a marked difference in the histopathological responses in lymphoid tissues to the infection with wild virus and the attenuated or unattenuated laboratory strains.
The wild virus induced a large number of giant cells, most of which were of the typical Warthin-Finkeldey type, widely distributing in lymphoid tissues.
On the contrary, the pathological changes in lymphoid tissues after infection with the attenuated vaccines and the unattenuated laboratory strains were of a significantly low grade . Particularly the Biken and the Sugiyama vaccines did not produce detectable pathological changes in any of 20 and 31 monkeys tested, respectively.
Although some monkeys inoculated with the Leningrad-16 and the Schwarz vaccines had pathological changes, the grade of these lesions was much lower than those induced by wild virus.
However, it seems difficult to elucidate a definite correlation between the pathological changes and the virulence of measles virus since all the vaccines and the other laboratory strains which are considered to be at different levels of attenuation behaved apparently in a similar way.
It is interesting that only wild virus from the patient material and infected monkey tissues produced the typical pathological lesions in monkeys which are comparable to those in measles infection of humans. During few passages in vitro, wild virus may lose most of its capacity of giant cell formation in monkeys . Practically the prominent giant cell formation by wild virus may be employed for detection of spontaneous contamination with wild virus in live vaccine preparation. As to the reason for the apparently low grade of giant cell formation by the attenuated vaccines or the unattenuated laboratory strains compared with those by the wild virus, possibility of different growth rates of these virus strains in the monkey tissues can be considered.
However , no data are available which indicate the difference in the rate of virus growth in humans or monkeys among various types of measles virus.
Thus far, we could not find any significant difference in the latent period before the development of specific antibodies among the various strains of measles virus (Yamanouchi et al., 1969 b) . Therefore , the possibility of the different growth rates in vivo being a factor for the different pathological changes seems unlikey. The possibility of delayed formation of giant cells by the vaccine or laboratory strains might be excluded since the monkeys autopsied on the 11th day after inoculation with the Biken vaccine or the Edmonston strain failed to show the presence of giant cells.
The mechanism of the formation of giant cells in monkeys is unknown. In the human infection with measles virus, association of virus multiplication and formation of giant cells of the Warthin- 
